The Centers for Medicare and Medicaid Services (CMS) publish a report card for nursing homes with 19 clinical quality measures (QMs). These measures include minimal risk adjustment. Objectives: To develop QMs with more extensive risk adjustment and to investigate the impact on quality rankings. Research Design: Retrospective analysis of individual level data reported in the Minimum Data Set (MDS). Random effect logistic models were used to estimate risk adjustment models for 5 outcomes: pressure ulcers for high and low risk patients, physical restraints, and pain for long-and short-stay patients. These models were used to create 5 QMs with extended risk adjustment, enhanced QMs (EQMs). The EQMs were compared with the corresponding QMs. Subjects: All (17,469) nursing homes that reported MDS data in the period [2001][2002][2003][2004][2005], and their 9.6 million residents. Measures: QMs were compared with EQMs for all nursing homes in terms of agreement on outlier identification: Kappa, false positive and false negative error rates. Results: Kappa values ranged from 0.63 to 0.90. False positive and negative error rates ranged from 8% to 37%. Agreement between QMs and EQMs was better on high quality rather than on low quality. Conclusions: More extensive risk adjustment changes quality ranking of nursing homes and should be considered as potential improvement to the current QMs. Other methodological issues related to construction of the QMs should also be investigated to determine if they are important in the context of nursing home care.
Q uality of care in nursing homes has and continues to be of concern to patients, their families, professionals, and policy makers. [1] [2] [3] The Centers for Medicare and Medicaid Services (CMS), as part of their quality initiative, have begun publishing a quality report card that currently provides information about 19 clinical quality measures (QMs). 4 The information is intended to inform patients' and families' choices of nursing homes, state regulators, and quality improvement efforts by nursing homes. 5, 6 The CMS report card, available on the web at http:// www.medicare.gov/NHCompare and entitled Nursing Home Compare, was first published in November 2002. It included 10 QMs capturing the experience of both long-stay (chronic) and short-stay (post acute) residents. Since then, CMS has been improving the measures, deleting those that were judged to be inadequate and adding new measures. The current list of 19 measures is shown in Table 1 .
The literature on measuring quality based on health outcomes has long recognized that raw incidence or prevalence rates of adverse outcomes cannot be interpreted as measures of quality. 8 Because health outcomes depend not only on the quality of care patients receive but also on patients' risk factors, outcome-based measures of quality must account for differences in the mix of patients' risks across providers. Otherwise, these measures are likely to be biased, typically underestimating the quality of those treating the sickest patients. Previous studies have demonstrated that different risk adjustments methods lead to different quality rankings of hospitals. 9 -11 A study of nursing homes' quality demonstrated that outlier designation and ranking of facilities based on raw outcome rates differed as the degree of risk adjustment was increased, from only age adjustment, to age and a case mix index (Resource Utilization Groups ͓RUGs͔ II) adjustment, to a more comprehensive risk adjustment that included several factors capturing physical and mental health. 12 Berlowitz et al 13 and Rosen et al 14 had similar findings for Veteran Affairs (VA) nursing homes. Although there are other technical issues related to the construction of QMs based on patient health outcomes, [15] [16] [17] [18] risk adjustment is one of the most critical, and is the focus of the work we present here.
The method used by CMS to calculate the majority of the nursing homes' QMs includes limited risk adjustment, operationalized mostly through exclusion rules ( Table 1 ). The method consists of 2 steps: (1) It defines the relevant population (the denominator) based on a set of outcome specific exclusion criteria. For example, the measure based on the rate of residents whose activities of daily living (ADL) limitations increased excludes those who are in hospice care or are terminally ill. ( 2) It calculates the QM as the percent of the population identified in step (1) that experienced the outcome. Thus, the risk adjustment is introduced mostly via the exclusion rules that create more homogeneous comparison groups. Five of the 19 QMs also have an additional limited covariate risk adjustment (Table 1) . This method differs from methods used in other report cards, including the New York State (NYS) Cardiac Surgery Report that is considered to be the gold standard among report cards. 19 The latter adjusts for risk using multivariate regression techniques. Regressionbased methods allow for more flexibility in the risk adjustment and can accommodate a larger number of risk factors.
The decision by CMS to report QMs that have only a minimal risk adjustment followed a series of studies that examined measures with varying degrees of risk adjustment, ranging from measures similar to those finally adopted, based mostly on exclusion criteria 20, 21 to measures with extensive risk adjustment based on multivariate regressions, 22, 23 similar to the method used in the NYS Cardiac Surgery Reports. The CMS decision was based on recommendations by the National Quality Forum, 7 ,24 a private nonprofit organization that engaged in a political consensus building process and reflects the views of a diverse group of stakeholders.
In this article, we examine the impact of further risk adjustment of several of the nursing homes' QMs by developing measures with a larger number of risk factors and by using multivariate risk adjustment techniques. We compare facility designation based on the CMS QMs with those based on the enhanced QMs (EQMs). We do not view the EQMs that we developed as the gold standard, but rather aim to demonstrate that the extent of the risk adjustment can substantially impact quality rankings and should, therefore, be considered as a potential improvement to the QMs. 7 (1), (2), (6) No Who have pressure ulcers (low-risk) 7 (1), (2), (6) No Who were physically restrained (1), (2) No Who are more depressed or anxious (4), (11) , (12) No Who lost control of their bowels or bladder (low-risk)
(1), (2), (4), (13) , (14), (15 (1) target assessment is an admission; (2) the QM did not trigger (resident not in numerator) and/or there is missing or inconsistent data on Minimum Data Set (MDS) items required for quality measure (OM); (3) MDS item cannot show decline because it has total dependence value if activity did not occur; (4) resident is comatose or comatose status is unknown; (5) resident has end-stage disease or receives hospice care; (6) not qualify as high-risk and bed mobility or transfer or comatose is unknown; (7) pain symptoms are unknown or inconsistent on 14-day assessment; (8) pressure ulcers are missing in the 5-day/14-day assessment; (9) not in facility during influenza season or facility unable to obtain vaccine; (10) not eligible for given vaccine or resident offered vaccine but declined; (11) the Mood Scale score is missing on the target or prior assessment; (12) the Mood Scale score is at a maximum (value 8) on the prior assessment; (13) high risk residents with severe cognitive impairment or totally dependent in mobility ADLs; (14) resident has an indwelling catheter or an ostomy; (15) not qualify as high risk and the cognitive impairment items or any of the mobility ADLs unknown; (16) locomotion on unit is unknown or shows some dependence on target or prior assessment; (17) urinary tract infection in last 30 days is missing on target assessment; (18) weight loss is missing or resident is receiving hospice care or hospice status unknown.
CONSIDERATIONS IN CHOOSING RISK FACTORS
Several issues should be considered when determining the extent and type of risk adjustment, including: bias due to incomplete risk adjustment, "giving credit" for poor quality, and usefulness of the QMs for quality improvement programs.
The issue of bias due to incomplete risk adjustment arises because health outcomes are not only a function of quality of care, but also depend on the patient's health status. Unbiased QMs will account for the frailty and severity of illness of the residents in each nursing home, thus holding the facility harmless for those patient characteristics that it cannot control, such as age and gender. To minimize the potential bias, the list of risk factors should be as comprehensive as possible, including all characteristics deemed to be clinically associated with the outcome. Omission of important patient risk factors may result in erroneous measures of quality, incorrect ranking of providers, and inappropriate labeling of providers as high or low quality outliers.
Some risk factors are, however, also outcomes of care. They depend both on the clinical condition of the individual and the care the individual received. For example, ADL limitations are risk factors for pressure ulcers, but they themselves are health outcomes that depend on quality of care. Excluding ADL limitations from the risk adjustment for pressure ulcers introduces bias in the pressure ulcers measure. Including them, however, "gives credit" to the poor care which led to the poor ADL outcomes, that is, a facility with poor ADL care will have a better pressure ulcer QM if ADLs are included as risk factors because it has high values for these risk factors, everything else being equal. One might, therefore, be concerned that including ADLs as risk factors creates a perverse incentive to lower the quality of ADL care. Incorporating a separate QM based on ADLs in the report card guards against such perverse incentives. As long as those risk factors that are also health outcomes are included in the set of published measures, as is the case with ADLs, facilities will be penalized for poor ADL quality, and there is no need to penalize them again, indirectly, through the pressure ulcers measure.
Another important consideration is the usefulness of the QM to consumers and providers. The simplicity of the CMS approach to risk adjustment, based on exclusions from the denominator and creation of patients groups of different risk levels (eg, patients at high and at low risk for pressure sores) makes the QMs easy to understand for both professionals and lay persons. This approach is intuitive because it allows one to imagine the group of patients who are defined in the denominator for the QM. It is thus more conducive to targeting quality improvement efforts by allowing identification of groups of patients whose outcomes, as measured by the QMs, are poor. Multivariate regression based risk adjustment is much more complex and does not lend itself to this intuitive identification of patient groups whose care is poor.
This advantage has to be weighed against the disadvantage of the exclusion/stratification approach adopted by CMS, a disadvantage that arises due to the limited number of risk factors that can be accommodated. The limit on the number of risk factors is due to: (1) sample size-comparison groups become smaller, the more restrictively each group is defined; and (2) complexity of exposition-the number of QMs increases with the number of risk factors and the number of required strata, increasing the number of comparison groups to a point that may become overwhelming for the users of the information. For example, making oneself understood is an important risk factor for pain. This variable has 3 levels-always, sometimes, and rarely. Gender is also an important risk factor. The CMS approach of creating homogenous groups would require 6 different groups for the pain measure, just to account for these 2 types of risk factors. It would require many more groups to account for all necessary risk factors.
The extensive risk adjustment, regression-based approach has an additional advantage. The regression models, because they explicitly model the relationships between health outcomes and a comprehensive set of patient risks, reveal associations that can be useful in guiding quality improvement efforts, targeting individuals with specific risks. For example, the models predicting pressure ulcers show that loss of voluntary movement is an important predictor. This could guide development of interventions targeting those with loss of voluntary movement. 
METHODS

Data and Sample
We used national Minimum Data Set (MDS) data for the period 2001-2005. The MDS includes individual level assessments for all residents in nursing homes that participate in Medicare or Medicaid. The data, collected at admission and at specific intervals after admission, include information about the person's socio-demographics, physical and mental health status, and specific treatments. These data have been collected by all nursing homes and submitted to CMS since 1998 and are used to calculate Medicare payment rates for nursing homes (based on RUGs III) and the QMs for all residents. 25 Many of the specific data elements have been shown to be of high reliability with intraclass correlations of 0.6 or higher 26 and Kappas for interrater reliability exceeding 0.7. 27, 28 CMS conducts annual training to enhance data quality. 25 The 5 years of data we used included information for 9.6 million residents in 17,469 facilities.
Construction of CMS QMs
Using the CMS algorithm 29 we calculated 5 QMs: percent of high risk residents with pressure ulcers; percent of low risk residents with pressure ulcers; percent of residents who are physically restrained, percent of longstay residents with pain; and percent of short-stay residents with pain. The QMs were calculated for each quarter during 2001 through 2005, based on the Prospective Pay- This table presents all the risk factors considered in the initial models. Only those that were significant at the 0.25 level or better were included in the final models, shown in Table 4 . Exclusion of risk factors was confirmed by performing an F test of the hypothesis that all the excluded variables were jointly insignificantly different from zero. 
Medical Care
• Volume 46, Number 5, May 2008 Nursing Homes' Risk Adjusted Outcome Measures
Construction of EQMs
We developed the EQMs as follows:
1. We defined the outcome in the same fashion as the CMS method, applying the same inclusion and exclusion criteria. 29 (In essence, our outcome equals the CMS QM at the individual level.) All outcomes were defined as dichotomous variables, set to 1 if the resident experienced the outcome, 0 otherwise. 2. We identified additional risk factors (beyond those included in the CMS QMs) from the relevant literature. We then included all those that were available in the Prospective Payment System, quarterly and annual MDS assessments and that were judged by a geriatrician, who is familiar with the nursing home population, to potentially influence the outcome. Risk factors were identified separately for each outcome. 3. We then estimated hierarchical random effect logistic models to identify the association of each risk factor with the relevant outcome. These models were based on individual level outcomes and risk factors, allowing for a random facility intercept to account for the potentially nonrandom clustering of residents within facilities, as follows:
where P i,j is the probability that resident i in facility j will experience the outcome, X i,j,k are the k risk factors for the resident, v j is a facility error component, and i,j is the resident error component. Model specification was guided by inspection of the C statistic, which measures the discrimination of the model, and the Hosmer-Lemeshow statistic, which measures the calibration of the model. 30 Based on these criteria we determined that model fit improves when the risk models are stratified by age. 31 We, therefore, estimated separate models for each of 4 age groups: age Յ64, 65-74, 75-84, and 85ϩ years. This is equivalent to interacting age with All risk factors were included in the initial models and those not significant at the 0.25 level were excluded from the final models. 4. Because of the very large size of our dataset, the traditional approach of randomly splitting the data into development and validation data sets 31 was not feasible. Instead, we created multiple random samples of about 100,000 observations in each, and repeated the estimation for each sample. We calculated the average of each estimated coefficient across all samples and are presenting the estimates averaged over 200 iterations. We determined the stopping point of this process at 200 iterations by comparing the change in the average coefficients in increments of 50 iterations (ie, we compared the average coefficient for the first 50 iterations to the average of the first 100, the first 100 to the first 150, and the first 150 to the average of 200 iterations). The change in the average coefficients between the 150 to 200 iterations was less than 2% for all, indicating that the estimates are converging to their true means within an acceptable margin of error. 5. The average coefficients (based on 200 iterations) were then used to calculate the expected probability of the outcome for each resident, E i,j , conditional on his or her specific risk factors, as follows:
where ␣ and ␤ are the average estimated coefficients from the regression models given by Eq. (1). 6. The expected and observed facility rates were calculated as the average of the individual expected probability and the average of the observed outcomes, respectively. 7. The EQM was calculated as the ratio of the observed to expected rate.
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Comparison of QMs and EQMs
We calculated QMs and EQMs for all facilities for the 4th quarter of each calendar year. Per CMS's method, we excluded facilities that had too few residents who qualify to be included in the denominator-fewer than 30 for the long-stay QMs and fewer than 20 for the short-stay QMs. We *False negative error rate ϭ 100 (1-sensitivity). False positive error rate ϭ 100 (1-positive predictive values). † Because Ͼ5% (10% or 20%) of the nursing homes had a prevalence of zero, high quality outliers could not be determined based on our definition.
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then compared the classification of nursing homes by the QMs and the EQMs, separately for each quarter and for each QM/EQM pair. We compared the assignment of nursing homes to the tails of the distribution by the QMs and the EQMs. We examined outliers defined for 3 different cutoffs: 5%, 10%, and 20%, separately for the top and the bottom of the distribution. These are cutoffs that identify facilities with extreme performance and thus might be used in quality report cards or pay for performance systems.
To assess the agreement between the EQMs and the QMs on outlier designation, we repeated the following analyses for the high quality and the low quality outliers separately.
We calculated the Kappa statistic, which is a measure of overall agreement in classification of outliers, above and beyond the agreement expected by chance alone. The Kappa ranges between 0 and 1, with 0 indicating no agreement beyond chance and 1 indicating perfect agreement. Kappa values between 0 and 1 indicate the proportion of cases on which the 2 measures agree, accounting for chance agreement. 33 We also calculated 2 measures of errors: (1) the false negative error rate, defined as the proportion of outliers identified by the EQM but not by the QM; and (2) the false positive error rate defined as the proportion of outliers identified by the QMs but not by the EQMs. 34 We calculated the false negative and false positive rate assuming that the EQMs are more accurate measures of quality than the QMs, and hence treat the EQMs as the "gold standard". Table 2 shows the distribution of the 5 QMs for the 4th quarter of 2005. The number of facilities for which we report these data range from 6732 to 13,639 because not all QMs are reported for all facilities due to small samples (Ͻ30 for the long-stay measures and Ͻ20 for the short-stay measures). The variation in the QMs is quite substantial, with coefficients of variation ranging from about 60% to almost 120%. Table 3 provides descriptive statistics for all the variables used in the analyses. The table shows data separately for the long-and the short-stay measures because the populations for which these measures are calculated are different. Table 4 shows the estimated coefficients for each of the risk adjustment models. The numbers shown are the averages based on 200 iterations of random samples with approximately 100,000 observations per iteration. Most risk factors were significantly associated with the outcomes. In a few cases, the P values exceeded 0.25 for some of the age groups. In these instances, we excluded the risk factor from the model for that group. The C statistics ranged from 0.63 to 0.79, indicating discrimination typical for these types of models when predicting nursing homes' outcomes.
RESULTS
14,35-37 Table 5 reports the results for a comparison of the QMs and EQMs for the 4th quarter of 2005 for all facilities that met the minimum sample size criterion (ie, a denominator of at least 30 for the long-stay measures and at least 20 for the short-stay measure). Comparisons for other quarters, as well as comparisons within each state yielded very similar results and are not reported here.
The table presents information regarding the agreement about outlier designation between the QMs and the EQMs, for outliers defined as those at the 5%, 10%, and 20% tails of the distribution. Kappa values ranged from 0.80 to 0.90 for high quality outliers and from 0.63 to 0.86 for low quality outliers, indicating a moderate level of agreement. Kappa values tended to increase, indicating stronger agreement, as the definition of outliers was expanded to include a larger proportion of the distribution, going from the 5th percentile to the 20th. The error rates, both positive and negative, showed a similar trend. They ranged from a low of 7.9% to a high of 36.9%, with lower error rates for high quality rather than low quality outliers and for outliers defined as the 20th percentile compared with the 5th percentile. The higher agreement between the CMS QMs and the EQMs on high quality outliers than on low quality outliers may be an artifact of the censoring of outcome rates at zero, which affects the high quality tail of the distribution but not the low quality tail. Recall that all 5 measures are defined as rates of adverse outcomes, such that lower rates indicate higher quality.
DISCUSSION
CMS is currently publishing 19 QMs that cover many aspects of the clinical care that nursing home residents receive. This information is expected to inform quality improvement efforts in nursing homes, to influence consumer demand, and to create market incentives for high quality care. 1, 3, 38 In the future such measures might be used in pay for performance (P4P) programs. 39, 40 The study presented here assesses the impact of more extensive risk adjustment on the QMs published by CMS. It finds that there are additional risk factors beyond those included in the CMS methodology that are significantly associated with each of the 5 health outcomes studied. More importantly, it also finds that relative quality rankings change when these additional risk factors are added to the measures. Although the Kappa statistics indicate moderate agreement on outlier classification, the error rates (when we view the EQMs as a gold standard-see further discussion below) range from about 10% to over 30%. Is this error rate acceptable for report cards that are expected to influence the behavior of consumers and providers? Is it acceptable for a P4P program?
Recent studies suggest that the Nursing Home Compare report card indeed has an important role to play. Pesis-Katz et al 41 find that consumers base their choice of a nursing home on the quality of the facility relative to other facilities in their local market. The study further demonstrates the important role that measures of clinical quality in particular might play in influencing the demand for nursing homes. Studies have also shown that a large percent of nursing homes take actions in response to their published scores in the Nursing Home Compare report 42 and that these actions are associated with improvement in some of the measures. 43 This body of evidence, as well as the evidence on the impact of report cards in other areas of health care, 44, 45 suggest that the accuracy of the information included in the Nursing Home Compare report cards is potentially very important.
The accuracy of the report cards will gain further importance if CMS, or other payers, implement a P4P program for nursing homes. Encouraged by the results of a pilot study demonstrating that P4P improved the quality of hospital care CMS is planning to launch a 3-year P4P nursing home demonstration in fifty facilities located in 4 -5 states. Although the design of the CMS P4P for nursing homes is not known at this time, it is likely to follow other programs, such as the Medicare P4P demonstration for hospitals which rewards only those in the top 10th and 20th percentile. Thus, the accuracy of assignment of nursing homes to quality deciles would be important.
In addition to concerns about the fairness to providers and provision of "correct" market incentives, insufficient risk adjustment may actually create perverse incentives to avoid admission of the sickest patients, limiting access to nursing home care for those who need it the most. A national survey of nursing home administrators found that they are aware of issues related to inadequate risk adjustments, with 81% stating that the Nursing Home Compare QMs may be sensitive to unaccounted differences in case mix. 42 Preliminary findings suggest that at least some nursing homes may be "cream skimming," having changed the type of patients they admit after the publication of the Nursing Home Compare. 46 Evidence from a study of a more established report card, the NYS Cardiac Surgery Report, suggests that interventional cardiologists in NYS indeed are avoiding the sickest patients because of their concern about their ranking in the report card. 47 Concerns about the readiness of the QMs for prime time, either in a report card or as part of a P4P program, have been expressed by both the General Accounting Office 48 and the Institute of Medicine. 49 The analyses we present here lend support to these concerns.
Several other issues need to be considered as well. Our analyses focused on the adequacy of the risk adjustment. However, other aspects relevant to the construction of QMs, including appropriate sample size and measurement errors, time window for measurement, and specification of the risk adjustment models, may be important. Furthermore, our departure points in developing the EQMs were the outcomes and denominators as defined by the QMs. The advantage of this is that it allows us to assess the incremental impact of risk adjustment. However, the EQMs might be improved further by adjusting the definition of the denominators as well.
A related issue is the validation of the EQMs. In calculating the error rate we assumed that the EQMs are the gold standard, and thus measured the QMs against the EQMs. However, we have not validated the EQMs across all possible dimensions. The EQMs have better face and content validity than the QMs. 8 Their predictive validity (ie, the C static) is similar to that found in other studies of nursing home outcomes. But we were unable to assess attributional and construct validity. Thus, although the EQMs cannot be considered a gold standard, they are an appropriate yardstick against which to assess the QMs to determine if they can be improved.
In summary, we have demonstrated in this study that quality ranking of nursing homes changes when risk adjustment is added to the measures used by CMS in its report card. Because these report cards have an impact on consumer choice and nursing homes performance, the stakes are high and the appropriateness of the QMs should be investigated further.
